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Abstract. Obtaining all acceptable locations is one of the main tasks for siting wind 

turbines. The economic factors are usually very limiting. Very thorough analyses are 

needed in order to ensure the project finalization. Nevertheless, even after all the steps 

are made, some problems may occur. One of them is the real status of the winds in the 

so-called climatology period. This paper focuses on the influences of the changing 

winds after the preliminary estimations are done. The estimations are obtained using 

the WAsP simulation software. The results are compared in terms of quality and 

quantity of the wind data and capacity factor. Finally, an economic analysis is done. 
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1. INTRODUCTION 

Energy, especially electrical, is of vital importance in the world today. Many assessments 

of fuel resources, mostly fossil, clearly indicate that these resources, especially oil ones, are 

almost exhausted. The need for energy constantly rises so that the introduction of new 

resources is inevitable. All these facts point to the necessity of transition to the sustainable 

development, especially to the usage of renewable energy sources. In that sense, wind energy 

clearly takes a prominent place considering its large potentials, purity and availability. The 

present constrains are mostly of financial nature. The most important task is the siting of 

wind turbines (obtaining the best possible locations for installing the turbines, considering 
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the possibility for energy production and minimization of losses). For that purpose, the wind 

atlas method is developed as an easy one for usage in view of the rapid computer 

development. The position of a wind turbine is in strong correlation with energy production. 

According to the previous research [1-3], linear models cannot estimate correctly wind 

energy potentials in the terrain where the ruggedness index (index that represents the terrain 

slope value) exceeds 0.3. In such a case, using full CFD models, followed by experimental 

validation is necessary. Even if all of the above mentioned is satisfied, there is still a 

possibility that the wind farm is not going to have the predicted output during the project 

lifetime, which is 25-30 years, which is about the same as the climatic period, which lasts for 

32 years. A number of researchers have estimated Serbia’s wind potentials [3-6]. Important 

research was done on atmospheric turbulence [7] and the methods of measuring wind 

potentials in the complex mountainous terrains of Serbia [8]. There are some papers 

considering the wind influence on other renewable energy sources [9], energy storage [10, 

11] and advanced simulation models [12, 13]. 

2. MATHEMATICAL MODEL 

CFD models are more precise but they need much more computational time. Considering 

the need to obtain the results as soon as possible, the best micro model was extracted from the 

larger macro model using the fast linear software [14]. Then the best wind turbine locations 

were obtained by using CFD software[15]. 

2.1. Linear model 

A linear model is expressed by the following set of equations: 

 Continuity equation 
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where xi are the coordinates in index notation, ρ air density, Ui are the velocity components, 

Uz is the vertical wind speed component at height z above ground level, U* is the friction 

velocity, κ is the von Kármán constant (κ = 0,4), z the height above ground level, z0 is the 

surface roughness length, ψ the empirical function, K and A are factors for the Weibull 
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distribution, f is the frequency of the wind speed occurrence and F is the cumulative Weibull 

distribution. 

Representative of the linear software packages is WAsP [14]. It calculates the speed-

up effects of the hills, taking into consideration the effect of energy redistribution in the 

flow from the component in the flow direction to the vertical component. 

2.2. Nonlinear model 

A nonlinear model solves the full set of governing equations of the steady fluid flow 

by using: 

 Continuity equation: 
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 Momentum equations: 
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 Turbulence model equations: 
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where P is the body acceleration, Pk production of turbulence, υ, υeff and υT are the 

kinematic, effective and turbulent viscosity, respectively, k is the turbulent kinetic energy, 

ε turbulence kinetic energy dissipation. 

The modified set of model coefficients reads: Cμ=0,0324, Cε1 =1,44, Cε2 =1,92, σk=1,0, 

σε=1,85. 

The set of the nonlinear partial differential equations is solved by the WindSim [15] 

software package. 
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3. COMBINED METHODOLOGY 

CFD models are more precise but they need much more computational time. Considering 

the need to obtain the results as soon as possible, the best micro model was extracted from 

the larger macro model. 

The differences in wind energy estimations while using these different approaches are 

considerable. Many investigations were done on this subject, dealing with different 

aspects of the software operation. 

Test model of Mount Seliĉevica [3] was chosen due to its adequate orography as can 

be seen in Fig. 1. It is shown that the WAsP predictions are about 30% larger than 

WindSim [15] ones (estimated wind speed is in range 7,75-15,54m/s for WAsP, and 4,96-

12,64m/s for WindSim, as shown in Fig. 1), due to neglecting of the second-order terms 

in the momentum equations, Eq. (6). 

 

  

Fig. 1 Mean wind speed fields obtained by simulations in WAsP (left) and WindSim (right) 

For obtaining the results the nesting technique is used. It assumes the boundary 

conditions in the initial simulation to be the terrain on the bottom, geostropic wind on the 

top and logarithmic wind profiles on the lateral sides of the domain at the macro level. 

Reducing the size of the domain in the following simulations, the lateral boundary conditions 

are results of the previous simulation, and not the theoretical profile, which significantly 

increases the quality of the results for the final micro location. 

Simulations were done for the Enercon E82 wind turbine. It is very appropriate to use 

WAsP as the initial software at the mezzo level estimations, and WindSim for more 

precise micro level estimations, as the computational time for WAsP is about 20 times 

less than for WindSim. 

In the previous papers [4, 5] results obtained by numerical simulation on over a dozen 

micro locations are presented. The considered locations mainly cover the mountainous 

regions of Southern and Eastern Serbia. 

In this paper, the influence of the changing wind potentials from the main meteorological 

station Kruševac on the potentials of Mount Kopaonik was investigated. Size of the mezzo 

model was about 5000km
2
. 

Although there is a meteorogical station on Mount Kopaonik, Kruševac station (about 

50 km away, Fig. 2) was chosen for having more data available for analysis. Another 
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reason was that, as it is known that the harsh climate conditions on Kopaonik can cause the 

cup anemometer to freeze, the quality as well as the quantity of the data in the Kruševac 

station is better. 

4. KOPAONIK WIND POTENTIALS 

Mount Kopaonik (also known as Silver Mountain) region is situated in the central 

southern part of Serbia. It is the largest mountainous region in Serbia, stretching in a 

northwest-to-southwest direction for about 75km, with the widest part in the mid-section for 

about 40km. A large part is conserved as the Kopaonik national park. It is the largest ski-

center in Serbia. The highest altitude is Panĉić's Peak at 2017m asl. There is a large highland 

area with many peaks, as Karaman (1934m), Gobelja (1834m), etc. South of Panĉić's Peak, 

there are many single rises, namely, Ĉardak (1590m), Šatorica (1750m), Oštro koplje (1789m). 

With about 200 sunny days annually, Kopaonik is also called Sunny Mountain. Its 

southern, high and open position averts the clouds, keeping the cold air in the surrounding 

low areas, so that the winter temperatures are not too low, which is very important 

considering the possibility of wind turbine blade frosting. Average yearly temperature is 

3,7°C. Snow lasts from mid-November to May, about 160 days annually. Precipitation levels 

are over 1000mm annually. 

The Kopaonik ski center has about 62 km of tracks and 25 ropeways with overall capacity 

of 32000 skiers per hour.  

Chosen wind turbine type is Enercon E-82, with unit power of 2MW. Considered micro 

model was chosen by former simulation on the bigger model, from which, using the nesting 

technique, the named model is obtained. 

For the turbine siting the method of wake loss minimization and maximal annual energy 

production was used. Also, the recommendations about distance between wind turbines for 

the siting were as follows: in the wind direction minimally 7D (D – rotor diameter) and in 

the normal direction 4D. 

 

  

Fig. 2 Macro model with wind rose (left) and Weibull distribution (right) 
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After the simulation is done, using the nesting technique, the micro model is obtained, 

and the field of annual energy production (AEP) is presented in the following figure 

(range being 4,483-13,087 [GWh]): 

 

  

Fig. 3 Nesting technique (left) and AEP field with 15 turbine wind farm disposition (right) 

From Fig. 2 one can notice that only the best locations are considered though there are 

possibilities for more locations to choose. 

Table 1 AEP data for the 15 turbine Kopaonik wind farm 

Parameter Total Average Min Max 

Gross AEP [GWh] 188,79 12,59 12,26 12,99 

Net AEP [GWh] 188,65 12,58 12,26 12,99 

Wake loss [%] 0,08 - - - 

Stable wind data (for 15 year period, minimum needed is 13 years) were obtained 

from the main meteorological station Kruševac. As the turbine acceptable wind speed is 

in the range of 2÷25m/s, only 38,16% of the wind data are in the acceptable range. 

Considering this, as well as the overestimation by the used software, the capacity factor 

(ratio between possible AEP and max AEP) is calculated to be CP=0,21. It is considered 

that the economically acceptable locations are with CP=0,25 or higher. 

On the basis of the data obtained by simulation, and the known turbine power,  capacity 

factor Cp can be calculated for the considered wind farm. The capacity factor is the ratio of 

the overall power output of a wind farm to its nominal output (if working on the full 

potential) for a period of time or for the case considered, annually. This can be presented in 

the form: 

 
318760

38160

,Pt

,AEP
Cp




  (12) 

where Pt is installed power of the farm with 15 wind turbines Enercon E-82, 0,3816 is the 

percentage of accepted data (all the others can be considered as calm, i.e. <2m/s) and 

factor 1,3 is as the WAsP software overprediction, as shown earlier [3]. 
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5. CHANGING LOCAL CLIMATE 

After the preliminary analysis was done [6], the wind data was obtained for the period 

2014-2016. For this period the wind potentials were estimated for each annual data in 

order to compare the potentials of each year in the mentioned period. 

Results are presented in the form of the wind roses and Weibull distributions for each 

year, as well as the AEP for the same farm, for each year. 

 

   
a) b) c) 

   
d) e) f) 

Fig. 4 Wind roses (a, b, c) and Weibull distributions (d, e, f)  

for seasons 2014, 2015 and 2016, respectively 

One can notice that there is a slight, but notable difference in the wind data. The slight 

decrease of the potentials can be noted as is presented in the Fig. 4.d-f. There is also a 

change of the wind speed distributions, shown on the wind roses, Fig. 4.a-c. 

In Fig. 5, AEP fields for each year 2014, 2015 and 2016 are presented. One can notice 

that not only the potentials have slightly decreased, but even the best locations are slightly 

shifted to the east. As it is impossible to move the turbines after the installation, this shift 

is not going to be discussed in more detail. 
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a) b) c) 

Fig. 5 AEP fields for the year of: a) 2014, b) 2015 and c) 2016 

It is already mentioned that capacity factor Cp was 0,21 for long-term measured data. 

In the similar manner, the annual values for Cp can be calculated for the considered period 

2014-2016. The summary results are presented in Table 2. 

Table 2 Capacity factor Cp change for the period 2014-2016 

Period Long term 2014 2015 2016 

Cp [-] 0,2056 0,2197 0,1854 0,2041 

Accepted data [%] 38,16      50,70      44,06      47,44      

There are some fluctuations but the decreasing trend is obvious. The differences are 

mainly in the region of the lower wind speeds, which are increased, but the overall decrease 

is up to 10%, compared to the long-term data. 

In order to improve the predictions in the presented research, validation of the data 

should be done by on-site measurements [9, 10, 11]. As the potentials are near the acceptable 

margin of potentials (Cp~25%), there is a possibility for combining the system with solar or 

other types of RES [12, 13], in order to increase efficiency. Some new approaches to the 

problem of the wind farm production estimations can also be implemented [14]. 

6. ECONOMIC ANALYSIS 

Economic analysis is one of the most important parts of every project. Renewable 

energy, including wind energy, is not an exception. Having in mind current prices of wind 

turbines, state of the global and local financial markets, and the fact that the local 

infrastructure is not very developed, a preliminary financial analysis was done. The initial 

assumptions are: the farm will operate for 25 years; initial investment is 49,5 million 

EUR; subventions will be 10%; annual discount rate will be 10%; annual inflation will be 

7%; increase of the electricity price will be 12% per annum. Expected electricity price is 

94EUR/MW, for the period of the current feed-in tariff. 

The basic financial indicators, well known from the literature, such as income rate in 

the first year, a simple and dynamic payback time, a net present value of the investment, 

an internal rentability rate, a benefit/cost ratio and lifelong cost savings were chosen for 

analysis. The estimated financial indicators are shown in Table 3. 
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Table 3 Financial indicators 

Financial indicators  2014-2016. 2014 2015 2016 

Rate of income (year 01) ROI [%] -0,46 0,18 -1,08 -0,36 

Simple payback time SPB [year] 16,75 15,18 18,63 16,49 

Net present value NPV [EUR] 53109782 61197811 45235053 54349251 

Benefit/cost ratio B/C [-] 14,09 14,68 13,44 14,18 

Lifelong cost savings LCS [EUR/year] 5851002 6742045 4983459 5987552 

Using the above listed financial indicators, it is calculated that the annual income of 

the Kopaonik wind farm could be about 2,71 million EUR annually over the chosen 

period 2014-2016. It shows that the project payback time is over 15 years, which makes 

this project hardly affordable. One can notice from Table 3 that the best production would 

be for 2014, the lowest for 2015, while slightly increased for 2016. It would be interesting 

to see its value at the end of the current year (2017). 

7. CONCLUSION 

Wind energy is one of the fastest growing renewable energy resources. Most of the EU 

members are using it widely. Yet, the available usable locations are not limitless. This gives 

an opportunity to the less developed countries to use available funds within the scope of 

20% of energy in Europe to be produced by renewable sources. 

Koponik region is relatively far from the power sources. Installing wind turbines could 

significantly improve the quality of the energy supply in this area, which is very desirable, 

having in mind the extensive ski-center, the largest in Serbia, and one of the largest in 

Europe, with tendency of expanding the capacities. 

According to the data presented in Table 2, it is obvious that the potentials of this site, 

which are already barely profitable, are actually decreasing. A more thorough financial 

analysis is needed in order to confirm such findings. Such findings are very valuable, as the 

first wind turbines are currently being installed in the northern part of Serbia. 

Nevertheless, the excess energy production compared to the consumption in this area is 

almost 80% for the summer and about 60% for the winter season [8]. Such excess energy 

can be sent to the distribution network, towards other consumers. As there is no other power 

source in the 100km radius, any new source can drastically improve the power supply 

quality, especially having in mind the mentioned ski-center.  

Closeness of the large energy consumer as the Kopaonik ski-center can reduce network 

losses, as the consumers are almost on-site. Also, the power supply quality is very important 

for the people living in the area. 
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